Abstract-Pleurozium schreberi is one of the most common moss species in the forest area. It is dominant in the moss layer of blueberry and wood sorrel forests. It can occur in small quantities in almost all types of forests (even in bogs). It is also a typical component of the moss layer in tundra. The article considers the distribution of Pleurozium schreberi in the East European Plain and Eastern Fennoscandia. On the basis of literature sources on the occurrence of the species in different regions (according to point data), a model map of species distribution using the kriging-method has been created. The overlaying of the model map on the maps of spatial distribution of climatic parameters and vegetation zones in this area has revealed that the biogeographical preferences of the species. P. schreberi is characterized by its highest distribution in the forest zone. It often occurs here and represents a phytocenotically active species. The occurrence of Pleurozium schreberi dramatically decreases in the transition from the forest to the steppe zone, where it is a rather rare species, growing exclusively in pine and birch pegs. This species disappears in the open steppe. From the steppe zone to the south, the occurrence of Pleurozium schreberi gradually decreases with increase in summer temperatures and decrease in precipitation and with forest disappearance. In the north, where the species is highly active, its range abruptly ends on the coast of the Arctic Ocean. This pattern of distribution of Pleurozium schreberi is associated both with cenotic preferences and with climate: it becomes rare in regions with summer temperatures higher than +23˚C and annual precipitation of less than 400 mm.
The current stage of bryology development is characterized by a high level in knowledge of briofloras of different regions. Floristic studies that have been carried out by different collectors since approximately the late 20th century have made it possible to produce an almost complete inventory of the bryophytic flora in a vast area, such as the East European Plain and Eastern Fennoscandia. Therefore, the task of generalizing these materials and visualizing them on maps, as well as establishing the biogeographical patterns of species distribution and diversity, is extremely topical. This study considers Pleurozium schreberi (Brid.) Mitt as an object of research.
P. schreberi is widespread in the temperate zone of North Eurasia [1] . The features of its biology and life cycle are well known. This is a dioecious species with pleunocarpous perennial summer stems. Its vegetative growth covers the entire vegetation period. The successful growing of P. schreberi requires periodic humidification and does not require high temperatures [2, 3] . The ecology of this species is also well known. It is dominant in the moss layer of pine and spruce forests of the green-moss forest group in the taiga area [4] . The typical habitats of P. schreberi include spruce forests and blueberry, wood sorrel, and cowberry pine forests [4, 5] ; however, it is also widespread in boggy forests (spruce forests and sphagnum pine forests) and in blueberry birch forests [5, 6] . P. schreberi is absent or occurs very rarely in nemoral herb birch forests and broadleaved forests [7, 8] . However, this species grows quite often on sandy soils in pine forests in the broadleaved forest zone (Polesie) [9] . In the steppe zone, this species occurs only in pine plantings on soil. It is an active component of mossshrub tundra ecosystems in the tundra zone in the north.
Although there are numerous studies on the biology and ecology of P. schreberi, arealogical analysis has still never been carried out for this species. Therefore, the objective of this research is to model the range of the species and study the patterns of its distribution in conjunction with the spatial change in cli-ECOLOGY matic factors in the East European Plain and Eastern Fennoscandia (EEPEF). In other words, this study aims to fill in the gap in the biogeography of P. schreberi.
MATERIALS AND METHODS
The theoretical foundations of methods of constructing species ranges are well known and have been used in biogeography for a long time. They are based on constructing contour ranges using the point data of the study of local floras that are recorded in literature sources [10] . Geostatistical methods are currently introduced in different fields of science owing to the development of computer technologies and spatial analysis methods (for example, it is these methods that are used for constructing digital elevation models in mapping). Among all methods of geostatistics, the kriging-method is the most powerful [11, 12] , since it allows one not only to model contour ranges using point data but also to reproduce the activity of a species within the boundaries of the range on the map. This method also makes it possible to establish the general trend of changes in spatial values, make visible autocorrelation, and cut off possible noises. This serves as a basis for constructing statistically significant continuous coverages, which also provides error correction if a species was incorrectly determined in some point or its abundance was determined incorrectly. Therefore, the kriging-method allows one to obtain not only general model ranges but also consider the distribution of quantitative species parameters within the boundaries of the range, such as abundance or occurrence. The overlaying of continuous coverages with species abundance values on coverages with climatic factor values makes it possible to analyze the species distribution using methods of multivariate statistics. Fig. 1 . Boundaries of the study area; vegetation zones and points of the studied local briofloras. Vegetation zones: I, tundra; II, forest tundra; III, northern taiga; IV, central taiga; V, southern taiga; VI, mixed forest; VII, broadleaved forests; VIII, forest steppe; IX, steppe; X, semidesert; XI, desert (the references for the published sources with annotated lists of species for each point are given in Popov, 2016 and Popov, 2017) . Previously, we have already analyzed the distribution of some species of the genus Sphagnum using the kriging-method [13] . The procedure for constructing model maps of moss species ranges was adapted for biogeographical purposes [14] . To study the distribution of P. schreberi in the EEPEF, we analyzed literature data with annotated lists of specific briofloras from different regions (the European part of Russia, the Baltic States, Ukraine, Belorussia, and Moldavia) ( Fig. 1) . Annotated lists usually indicate the geographical coordinates of the study area, its size, and the frequency of species occurrence. We collected all these data into a relational database, which was created in MS Access 2003. According to the geographical coordinates, the moss sample points were overlaid on the map. The occurrence in the lists of different collectors is estimated by the number of herbarium samples of each species or by the number of findings made by a collector or by his general impressions. With this taken into account, we estimated the occurrence of P. schreberi by the 6-point scale: 0, the species is absent; 1, the species occurs occasionally (one to two findings); 2, the species occurs rarely (three to seven findings); 3, the species occurs sporadically (over seven findings, but not everywhere); 4, the species occurs frequently (the species is common; however, it is sometimes absent in relevant phytocenoses); and 5, the species occurs very frequently (a common and phytocenotically active species in the study area). Therefore, the occurrence points represent an order scale that can be quantitatively analyzed.
The dependence of species distribution on climatic factors was analyzed using the variables that are recommended for solving the problems of distribution of biological objects within the Worldclim and Bioclim programs [15] . A total of 28 climatic variables were included in the analysis [14] . Continuous coverages were constructed for the occurrence of P. schreberi and for climatic variables using the kriging-method. The accuracy of continuous coverages created by the kriging-method was estimated by the cross-validation method, and the main criterion of this estimate was the coefficient of determination (R 2 ) [11, 12] . R 2 = 0.978 for the coverage of P. schreberi occurrence, constructed on the basis of an irregular network of points (Fig. 1) . Its determination is not required for the coverages of climatic variables, since they are created All continuous coverages were combined into a common spatial database, from which a relational table for correlation analysis was derived. In addition, we analyzed the species distribution with respect to natural zones, the boundaries of which are given in this article according to other works [16, 17] (Fig. 1 ). All operations with spatial objects were performed in ARCGIS-10, SAGA GIS, and ERDAS 2013 and the correlation and regression analyses were performed in Statistica 10.
RESULTS AND DISCUSSION
The results of geostatistical modeling are given in Fig. 2 . The figure shows that P. schreberi is a widespread species in tundra and in the forest zone. Its abundance begins to decrease from the zone of broadleaved forests to the south ( Table 1 ). The species is absent in the southern steppes of the Black Sea region and at the boundary with Kazakhstan. It is also almost completely absent in the semidesert and desert areas in the Caspian Sea region. It is recorded again in Ciscaucasia and Crimea, namely, in mountain forests; however, its abundance is low here (Fig. 2) .
The area of the zone of the most widespread distribution of P. schreberi is over half (64.8%) of the total EEPEF area ( Table 1 ). The areas of zones with a lower occurrence dramatically decrease right beyond the zone of wide distribution, being 4.3 to 8.5% of the EEPEF territory (Table 2) . On the whole, the area where P. schreberi occurs is 91.4% of the total EEPEF area (Table 1) , which allows us to consider this species widespread on this territory.
The correlation analysis shows that the most significant climatic factors, the spatial variation of which determines changes in the occurrence of P. Schreberi, are annual mean temperature (AMT), precipitation in August-October (pr08-pr10), relative air humidity in July-October (reh07-reh10), and mean monthly temperatures in the vegetation period (tm04-tm10) ( Table 2 ). There is a positive correlation relationship with humidity factors, while the relationship with temperature factors is negative, which is completely consistent with the patterns of precipitation and temperature distribution in the EEPEF [18] .
As follows from Table 3 , P. schreberi is a frequent or widespread species at annual mean temperatures from +1.8 to +5.6°C. The species begins to occur more rarely when the value of this parameter is over +6°C and disappears from the cover at +7.8°C. In terms of (Table 3) .
The average annual precipitation in areas with a wide and frequent distribution of the species under study is close to 600 mm, while it is completely absent in areas with an annual precipitation of less than 400 mm. The same pattern is observed in the correlation of P. schreberi vegetation with mean monthly precipitation and air humidity.
According to the Shelford rule [10] , we can reveal factors from the conducted analysis that limit the distribution of P. schreberi as well as the upper and lower limits of this factors. It is evident that these factors will include factors from Table 2 with the highest coefficient of correlation with the occurrence of the species under study. Their lower values, i.e., the values beyond which the species no longer grows, are given in Table 3 (the "very rarely" column). The upper values of the limiting factors seem to be beyond the study area, since the occurrence of P. schreberi does not decrease to the north and its range ends abruptly on the coast of the Arctic Ocean.
One can also determine the values of the factors that correspond to the climatic optimum for P. schreberi. Since biogeography traditionally determines the climatic optimum for a species according to the values that are assumed by the relevant factors in regions with maximum species distribution [19] , the optimal values of climatic factors for P. shreberii are found from Table 3 in "frequently" and "very frequently" columns.
However, as follows from the analysis of the range of the species under study, its distribution is also influenced by factors other than climatic ones.
On the whole, the zone of the highest occurrence of P. schreberi coincides with the southern boundary of the forest zone (Fig. 2) . Some nuances can be noted for its distribution to the south of this boundary. The zone of sporadical and rare occurrence extends from the steppe zone to the north in the form of a small tongue directed to the south of the forest zone (Fig. 2) . This is explained by the fact that the Central Russian Upland, which is formed mainly by loamy moraine deposits, extends to the north in the form of the same tongue in this region [20] . The area is extensively plowed here and has a reduced forest cover compared to regions farther west and farther east in the south of the forest area, where Polesie landscapes on f luvioglacial deposits prevail. Apparently, the decreased occurrence of P. schreberi is due to the absence of suitable habitats on rich loams here, although the region to the south of Moscow in the zone of broadleaved forests poorly differs from the respective region (e.g., in Polesie) with respect to climatic characteristics [9] .
The presence of P. schreberi on a small part of the semidesert area (the east of Volgograd oblast and the south of Saratov oblast) is explained by the presence of pine plantings here [21] , in which it finds its acceptable conditions for existence. At the same time, AMT, annual mean temperature; pr01-pr12, monthly precipitation amount for January-December; pr_a, average annual precipitation; reh04-reh10, relative air humidity for April-October; tm04-tm10, mean monthly temperature for April-October P. schreberi is absent in the adjacent Orenburg oblast with the same climatic conditions but with rare individual small forests, which is to be expected [22] .
In the entire vast area of the EEPEF, through which 11 vegetation zones pass (Fig. 1) , the growth of P. schreberi is closely related to the distribution of forest vegetation. On the other hand, its distribution in the EEPEF can also be explained by the combined effect of climatic factors, such as moisture and temperature conditions in the vegetation period. Therefore, among biogeographical factors that influence the distribution of P. Schreberi, the cenotic distribution and climatic parameters are the most important. 
